























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































NodeID 1 2 3 4 5 6 7 8
Coordinates -2,-1,-1 2,-1,-1 -2,1,-1 2,1,-1 -2,-1,1 2,-1,1 -2,1,1 2,1,1
ElementID 1 2 3 4 5 6






















Strain Element Element Element Element Element Element
Component 1 2 3 4 5 6
exx 0.25 0.25 0.25 -0.25 -0.25 -0.25
eyy 0 0 0 0 0 0


























































































































































































































































































































































































































































































































































































8-nodedhexahedralelement Standard LIB FP
withB-barstabilization TET4element element element























































































































































































































































































































































































































































































































































































C11(GPa) C12(GPa) C13(GPa) C33(GPa) C44(GPa)











































Experiment, c−axis compression, [Obara et al., 1976]
Simulation, c−axis compression
Experiment, a−axis tension, [Ando et al., 2010]
Simulation, a−axis tension
Experiment, oriented for basal slip, [Izadbakhsh et al., 2010]



















































































































Equivalent grain diameter (µm) 
FIB section data
Virtual microstructure
























EGD 1− 6µm, virtual microstructure
EGD 7−12µm,virtual microstructure
EGD >12µm, virtual microstructure
EGD 1− 6µm, FIB section data
EGD 7−12µm,FIB section data



















































































C11(GPa) C12(GPa) C13(GPa) C33(GPa) C44(GPa)





















20 800 2050 2.4
(sαsat)pri(MPa) (s
α
sat)pyr(MPa) c1 c2 c3











































Experiment, single crystal Mg, [Obara et al., 1973]
Simulation, single crystal Mg
Experiment, polycrystal AZ31, [Khan et al., 2011]
Simulation, polycrystal AZ31

































































































































































































































































































































































τ = 0 MPa
τ = 100 MPa
τ = 200 MPa











































































































































































Twin nucleation at 97
sec in simulation A
Twin nucleation at 180
sec in simulation B and
~160sec in simulation C
(a)






















































































































































Experiments, [Beyerlein et al.,2011]
(a) (b)

























































































































































Simulation result of microstructure 1
Simulation result of microstructure 2































Simulation result of microstructure 1
Simulation result of microstructure 2















































































































































  2% strain
(b)

















































































































Simulation result of microstructure 1
Simulation result of microstructure 2











































































































































































































































































































































































































































































































































































































































































△tcrit(seconds) 10 5 2.5 1.25 0.625 0.313 0.156 0.0781 0.0391




































































































































































































































































































































































































































































































































































































































































































































































































Explicit staggered, time step = 1 sec
Explicit staggered, time step = 10 sec







































Explicit staggered, time step = 1 sec
Explicit staggered, time step = 10 sec
Implicit subcycling, time step = 10 sec
(a)
































Implicit subcycling, time step = 10 sec
tension along x−axis















































Explicit △t=1s Explicit △t=10s Implicit △t=10s
twinID nucleationtime twinID nucleationtime twinID nucleationtime
1 20s 1 20s 1 19.69s
2 20s 2 20s 2 19.69s
3 22s 3 30s 3 21.56s
4 23s 4 30s 4 22.81s
5 24s 5 30s 5 23.43s
6 26s 6 30s 6 25.18s
7 28s 7 30s 7 25.18s
8 28s 8 30s 8 27.06s
9 31s 9 40s 9 27.06s
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